Background and Purpose-Stroke is a risk factor for dementia, but the risk of dementia after different stroke types is poorly understood. We examined the long-term risk of dementia among survivors of any first-time stroke and of first-time ischemic stroke, intracerebral hemorrhage, and subarachnoid hemorrhage. Methods-We conducted a 30-year nationwide population-based cohort study using data from Danish medical databases covering all Danish hospitals. We identified 84 220 ischemic stroke survivors, 16 723 intracerebral hemorrhage survivors, 9872 subarachnoid hemorrhage survivors, and 104 303 survivors of unspecified stroke types. Patients were aged ≥18 years and survived for at least 3 months after diagnosis. We formed a comparison cohort from the general population (1 075 588 patients without stroke, matched to stroke patients by age and sex). We computed absolute risks and hazard ratios of dementia up to 30 years after stroke. Results-The 30-year absolute risk of dementia among stroke survivors was 11.5% (95% confidence interval, 11.2%-11.7%). Compared with the general population, the hazard ratio (95% confidence interval) for dementia among stroke survivors was 1. 
I
n aging populations, stroke and dementia are leading contributors to the burden of medical and social disability. 1 Stroke is a known risk factor for dementia. 2, 3 However, many aspects of this association that could help guide effective prevention strategies for dementia are poorly understood. 3 The risk of dementia in patients surviving 1 year after stroke is twice that of hospital-based or community-based cohorts without stroke. 2, 3 The only cohort with follow-up beyond 10 years reported a 25-year risk of dementia of 48% after ischemic stroke between 1960 and 1984. 4 The long-term risk of dementia after hemorrhagic stroke-either intracerebral hemorrhage (ICH) or subarachnoid hemorrhage (SAH)-is unknown. Hemorrhagic strokes, which are characterized by greater lesion volume and higher intracranial pressure, generally present with more severe brain injury than ischemic strokes. Another difference is that brain regions affected by ICH and SAH differ from those affected by ischemic stroke. Furthermore, compared with ischemic strokes, treatment strategies after ICH and SAH may contribute to lower capacity for brain tissue recovery. 5 To clarify the burden of poststroke dementia in different stroke types, we examined the long-term risk of dementia among survivors of incident stroke of any type and among survivors of ischemic stroke, ICH, and SAH.
Methods

Source Population and Data Sources
We conducted a population-based matched cohort study using national medical databases. The source population included all Danish citizens with a first-time inpatient hospital diagnosis of stroke between January 1982 and December 2013. Denmark has a universal, tax-supported healthcare system, and its registry databases 6 maintain extensive individual-level healthcare information. All Danes have been assigned a unique civil registration number since 1968, or at birth, by the Danish Civil Registration System. civil and vital status of the entire population, allowing for nearly complete follow-up.
It is standard medical practice for all Danish patients with stroke to receive inpatient hospital care. 7 The Danish National Patient Registry (DNPR) has registered >99% of all inpatient admissions since 1977. 8 One primary discharge diagnosis, 8 which represents the main reason for hospitalization, and optional secondary diagnoses are coded according to the International Classification of Diseases, Eighth Revision until 1993 and Tenth Revision since then. Outpatient specialty clinic visits have been included since 1995. Starting in 1999, the DNPR registered computed tomography of the brain and magnetic resonance imaging procedures, according to the Nordic Classification of Surgical Procedures. 8 The Danish Psychiatric Central Register (DPCR) includes information on all inpatient psychiatric admissions since 1969 and on all outpatient clinic psychiatric contacts since 1995. 9 Diagnosis and procedure codes used in this study are provided in Table I in the online-only Data Supplement.
Stroke Survivor Cohort
Based on DNPR data, we defined the study population of 3-month survivors after an incident primary diagnosis of ischemic stroke, ICH, SAH, or unspecified stroke who were aged ≥18 years and were diagnosed between January 1, 1982, and September 30, 2013 ( Figure 1 ). Compared with medical records, the positive predictive value of an inpatient diagnosis of incident stroke in the DNPR is 81% to 86%. 10 We included only patients whose stroke was confirmed by a primary diagnosis, to increase validity of the type of stroke diagnosis. Patients whose stroke was diagnosed solely in an emergency department were excluded, as stroke diagnosis may be inaccurate in this setting. 11 The start date of the study was chosen as 5 years after the establishment of the DNPR in 1977, in an effort to exclude patients with preexisting diagnoses of stroke, other cerebrovascular disease, or hemiplegia (as an indicator of previous stroke 12 ). Based on the data in the DNPR and the DPCR, we excluded patients with diagnoses of dementia and of mild cognitive impairment or an amnestic syndrome, which may represent prodromal dementia, up to the index date. The index date was set 3 months after the stroke diagnosis date. The delay served to exclude not only patients with early mortality but also any false-positive incident dementia diagnosis in the acute period caused by delirium or by stroke-related language, sensory, or motor barriers to cognitive assessment.
2,13,14
General Population Comparison Cohort
We constructed a comparison cohort from the general population using the Civil Registration System, the DNPR, and the DPCR. On his/her index date, each stroke patient was matched by sex and year of birth to up to 5 individuals without diagnoses of cerebrovascular diseases, hemiplegia, dementia, mild cognitive impairment, or amnestic syndrome.
Incident Dementia
The study outcome was incident all-cause inpatient or outpatient dementia diagnoses recorded in the DNPR or DPCR. The positive predictive value of an International Classification of Diseases-Tenth Revision dementia registration in the 2 databases is 86%. 15 We classified dementia as Alzheimer's disease, vascular dementia, or any other dementia. 16 
Potential Confounders
We used inpatient and outpatient DNPR records from 1977 onward and DPCR records from 1968 onward (except emergency department diagnoses), to identify stroke risk factors that could potentially confound the association between stroke and dementia. As of the index date, we ascertained vascular factors, defined as any preexisting coding of diabetes mellitus, atrial fibrillation or flutter, hypertension, hyperlipidemia (including hypercholesterolemia), myocardial infarction, heart failure, peripheral vascular disease, and smoking. 2, 17, 18 We also ascertained any preexisting diagnosis of traumatic brain injury, 19, 20 depression, 21 or substance abuse. 22, 23 Details on the ascertainment of smoking and substance abuse are found in the Methods section in the online-only Data Supplement.
Statistical Analysis
Follow-up started on the index date and continued until incident dementia, death, emigration, 30 years after stroke diagnosis, or December 31, 2013, whichever occurred first. We computed absolute risks of dementia, accounting for the competing risk of death, 24 and incidence rates per 1000 person-years. We used stratified Cox regression, taking into consideration the matching design, to compute hazard ratios (HRs) and their 95% confidence intervals (CIs) as measures of the relative risk of dementia among stroke survivors. We stratified person-time to calculate incidence rates and HRs during 3 intervals: 3 to 12 months, >1 to 10 years, and >10 to 30 years after stroke diagnosis. We also stratified our analyses by age and sex. Analyses were performed for patients with any incident stroke-and separately for patients with ischemic stroke, ICH, and SAH-and for matched individuals from the general population ( Figure 1 ). The proportionality assumption was fulfilled for the 3 follow-up intervals in the pooled data set, as ascertained by inspection of log-log plots.
To compare our relative risks for any stroke with results presented in the literature, 4,25-31 we repeated our analyses, restricting our study population to the stroke type, age range, and maximum follow-up periods applied in previous relevant cohort studies.
We adjusted our analyses by potential confounders to examine whether poststroke dementia risk could be attributed to stroke injury, rather than to the presence of identified risk factors for stroke. We created 3 adjusted models to separate traditional vascular factors for ischemic stroke 32 from other stroke risk factors, as well as to avoid collinearity among vascular conditions (Methods in the online-only Data Supplement).
We performed 3 sensitivity analyses to assess the robustness of our results. First, we assessed any potentially biased estimates because of stroke type misclassification by restricting the study population to patients with stroke with structural brain imaging (magnetic resonance imaging or computed tomography) performed during the index admission. Second, we assessed bias because of inclusion of possible cases of prevalent dementia by redefining the index date as 6 months after stroke. 25 Finally, we assessed period effects by stratifying analyses in three index periods (1982-1994, 1995-2003, and 2004-2013) . In this stratified analysis, we restricted follow-up to 10 years, to ensure more homogeneous follow-up among the periods. We selected these periods, first, because the International Classification of Diseases-Tenth Revision codes were introduced in 1994, and outpatient specialist clinic diagnoses became available in 1995. Second, because after 2003, wider adoption of brain imaging procedures to guide thrombolytic therapy increased the proportion of strokes registered with specific diagnoses in the DNPR. 33 All analyses were conducted using SAS version 9.2 (SAS Institute Inc, Cary, NC). This study was approved by the Danish Data Protection Agency (record no. 2014-54-0922).
Results
Study Population
We identified 279 349 patients with a first-time stroke and no history of dementia or diagnoses that may represent prodromal dementia. Three months after stroke diagnosis, the stroke cohort included 215 118 eligible patients (median age, 72 years; range, 18-108 years). Twelve percent of ischemic stroke patients, 45% of ICH patients, 32% of SAH patients, and 21% of patients with unspecified stroke did not survive until the index date. The general population comparison cohort included 1 075 588 individuals (Figure 1 ). Among the stroke survivors, 110 815 had a specific diagnosis. Before
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2004, the relative distribution of stroke diagnoses was 30% ischemic stroke, 7% ICH, 5% SAH, and 58% unspecified stroke; from 2004 onward, this distribution was 58% ischemic stroke, 8% ICH, 5% SAH, and 29% unspecified stroke. From 2000 onward, 83% of patients with specific stroke diagnoses underwent brain imaging during their hospital admission. About one third of ischemic stroke survivors, two fifths of ICH survivors, and more than three quarters of SAH survivors were below the age of 65 years. The characteristics of the cohorts at study entry are provided in Table II in the onlineonly Data Supplement. (Table) , when the absolute risk was 1.12% (95% CI, 1.08-1.17%). The 10-year risk of dementia was 7.64% (95% CI, 7.51-7.76%). The relative risks compared with those reported in earlier cohort studies are presented in Table  III in the online-only Data Supplement. The incidence of dementia increased with increasing age on the index date (Figure 2) . Stroke survivors aged ≥65 had higher 10-year absolute risks of dementia (9.74%; 95% CI, 9.58-9.90). In contrast, the relative risk (95% CI) decreased with age: 6.69 (5.36-8.35) among stroke survivors aged <45 years, 3.11 (2.95-3.27) among those aged 45 to 64 years, and 1.65 (1.62-1.68) among those aged >64 years. This pattern was stable during the follow-up (Table IV in the online-only Data Supplement). The incidence of poststroke dementia was somewhat higher for women than for men, but the HR was higher for men than for women (Table V in the online-only Data Supplement).
Risk of Dementia in First-Time Stroke Survivors
Type of Incident Stroke and Dementia Risk
During median follow-up of 5 years (IQR, 2.0-8.8 years), 5952 ischemic stroke survivors received a dementia diagnosis. During the same median follow-up (IQR, 2.1-10 years), 1540 ICH survivors received a dementia diagnosis. During median follow-up of 10 years (IQR, 4.4-17 years), 565 SAH survivors received this diagnosis. The 30-year risk (95% CI) of dementia was 11.8% (11.4%-12.2%) after ischemic stroke, 13.3% (12.5%-14.1%) after ICH, and 11.6% (10.3%-13.0%) after SAH. The 10-year risk (95% CI) was 7.65% (7.44%-7.86%) after ischemic stroke, 8.89% (8.43%-9.37%) after ICH and, reflecting the younger age distribution, 3.70% (3.31%-4.11%) after SAH. The median age (IQR) at dementia diagnosis was 81 years (75-86 years) for ischemic stroke, 79 years (72-84 years) for ICH, and 74 years (64-82 years) for SAH.
Hemorrhagic stroke survivors had higher relative risks (95% CIs) of dementia than ischemic stroke survivors. The unadjusted HRs were 1.72 (1.66-1.77) after ischemic stroke, 2.70 (2.53-2.89) after ICH, and 2.74 (2.45-3.06) after SAH. The pattern of HRs by stroke type did not change during follow-up. However, for all 3 stroke types, the relative risk was higher during the first year after diagnosis, particularly among SAH survivors (Table) . After the first year, the increased risk of dementia persisted for all types of stroke, but at a lower level (Table) . The risks for ischemic stroke survivors were ≈60% to 64% higher relative to the comparison cohort, whereas risks were ≈2.1 to 2.6 times higher for survivors of ICH and SAH than for the comparison cohort (Table) .
The sex and age pattern of incidence and HR of dementia for each stroke type was similar to the pattern found for all strokes combined (Figure 2 ; Table V in the online-only Data Supplement). During the first year after stroke diagnosis, the particularly high HR for SAH was attenuated after age stratification (Table IV in the online-only Data Supplement). However, the difference in HRs between hemorrhagic and ischemic strokes still was observed after age or sex stratification ( Figure 2 ; Table V in the online-only Data Supplement) and after adjusting for underlying vascular conditions and other potential confounders (Figure 3 ).
Dementia
About half (52%) of dementia diagnoses were classified as other dementia; in this group, the most commonly coded diagnosis was unspecified dementia (International Classification of Diseases-Tenth Revision: F03.9, 92%). As expected, stroke survivors were more likely to receive a specific diagnosis of vascular dementia than Alzheimer's disease (Table VI in Stroke January 2017
Sensitivity Analyses
The analyses restricted to patients with stroke who underwent brain imaging corroborated the disparity in poststroke dementia risk between hemorrhagic and ischemic strokes, with a slightly lower HR in ischemic stroke survivors and a slightly higher HR in ICH and SAH survivors (Table VII in the online-only Data Supplement). Redefining the index date as 6 months after stroke diagnosis yielded consistent results by type of stroke within the first year after stroke (Table VIII in the online-only Data Supplement). From 1995 onward, dementia incidence has increased. Among ischemic stroke survivors, the HR declined, thereby decreasing the HR for all strokes combined. However, the difference in HRs by stroke type was consistent across all 3 index periods (Table IX in 
Discussion
In this nationwide cohort of stroke survivors aged ≥18, 11.5% received dementia diagnoses up to 30 years after their stroke. This risk was increased ≈2-fold compared with the general population. The risks for poststroke dementia were substantially higher for hemorrhagic forms of stroke than for ischemic stroke and for stroke occurring at younger ages than at older ages. Risks among survivors were persistently high even after 10 years. The increased risk of poststroke dementia was not altered appreciably by vascular factors or by other measured factors associated with both stroke and dementia risk.
Our findings extend those of earlier cohort studies based on first-time ischemic strokes or any type of stroke. 4, [25] [26] [27] [28] [29] [30] [31] Most were restricted to older individuals and to shorter follow-up periods. [27] [28] [29] [30] [31] In the present study, relative risks for any stroke were comparable to the 2-fold increased risk within 10 years of follow-up reported for the Framingham 25 and Rotterdam 26 cohorts. These investigators also excluded patients with previous stroke or with dementia in the early poststroke period. Our study is the first to include patients with stroke from 2002 onward, an era of improved therapies and outcomes for acute ischemic stroke. 12 This may, in part, explain why the relative risk for stroke was lower in our study than earlier studies. Risk of dementia among patients with specific types of stroke is available only from a 5-year follow-up Taiwanese cohort, 34 where the pattern of relative risk by stroke type was similar to that of our study, but of much greater magnitude. Differences in effect size may be explained, in part, by different age distributions, by different methods used to exclude patients with early stroke-related mortality, and different approaches to exclude false-positive incident dementia.
Age is a strong risk factor for dementia and, as expected, the incidence of dementia increased with increasing age at the index date for strokes of all types. The higher relative risk of dementia in younger survivors of all stroke types also suggested a higher impact of the stroke injury on dementia risk in the absence of other competing neurodegenerative pathologies. 35 The increased relative risk for dementia after hemorrhagic stroke compared with ischemic stroke persisted after age and sex stratification and after adjusting our analysis for underlying vascular conditions and other measured stroke risk factors. Compared with ischemic stroke, brain injury is often more severe, and therapies are often more invasive and less effective after hemorrhagic stroke. 36 Brain injury differences may include higher intracranial pressure and more extensive acute and chronic inflammatory changes associated with hemorrhagic stroke. 5, 37 SAH and ICH with ventricular or subarachnoid extension are risk factors for communicating hydrocephalus. 36 Differences in genetic susceptibility 38 may also play a role.
The validity of our findings is enhanced by the use of a nationwide cohort with universal healthcare coverage, standard practices for treating stroke, and virtually complete follow-up. The ascertainment of stroke is high in the DNPR, but hemorrhagic stroke is more often misclassified than ischemic stroke. 11 Such differential misclassification likely did not affect the validity of our findings, as HR differences by stroke type were slightly higher in patients known to undergo brain imaging. Ischemic stroke was more often registered as unspecified stroke in the DNPR before brain imaging was widely implemented in 2004, 10, 11 but HR differences by stroke type were consistent in index periods before and after 2004.
Results pertaining to dementia subtypes should be interpreted cautiously. First, a specific diagnosis is not provided for over half of dementia diagnoses using the DNPR and the DPCR. Second, the ascertainment of all-cause dementia in these databases is higher than for specific dementia subtypes. 15, 16 Third, because stroke is a diagnostic criterion for vascular dementia, the stroke exposure status could potentially bias the direction of associations found for dementia subtypes. 39 Another study limitation was the lack of data on education level. However, residual confounding by education is expected to be small because we were able to adjust our analysis for extensive morbidity data associated with education, such as those related to vascular factors and alcohol abuse. 40 Our results have public health relevance. Although it is commonly accepted that reducing stroke incidence reduces dementia risk, risk factors and preventive strategies for ICH and SAH differ from those for ischemic stroke. 32, 41, 42 Effective interventions to reduce the incidence of hemorrhagic stroke and effective strategies to reduce the extent of brain injury after hemorrhagic stroke may also help prevent dementia. Even so, 74% of dementia diagnosed among stroke survivors with a specific stroke diagnosis was attributable to ischemic stroke. Thus, advances in ischemic stroke prevention and management are expected to have higher impact on the total burden of dementia.
ICH and SAH survivors were younger than ischemic stroke survivors, and relative risks for dementia were higher in the young. Before the age of 65 years, 40% of dementia diagnosed among stroke survivors with a specific stroke diagnosis were given to those with hemorrhagic stroke, either ICH or SAH. Early-onset dementia, which often occurs during parenting and employment years, is associated with higher societal burden because of loss of productivity and prolonged disability. 43 Thus, younger survivors of ICH and SAH also represent important targets for planning dementia prevention strategies in the future.
